Introduction {#s1}
============

Fabry disease (OMIM \#301500) is an X-linked disorder caused by lysosomal alpha-galactosidase A (α-Gal A) deficiency. Classical patients with mutations in the α-Gal A gene accumulate globotriaosylceramide (GL-3) and become symptomatic in childhood with pain, gastrointestinal disturbances, angiokeratoma and hypohidrosis.[@R1] Classical patients experience progressive loss of renal function and hypertrophic cardiomyopathy, with severe clinical events including end-stage renal disease, stroke, arrhythmias and premature death.[@R1] [@R2] Heterozygous women may be affected as severely as male Fabry patients,[@R2] especially with skewed X-chromosome inactivation.[@R5] [@R6]

Enzyme replacement therapy (ERT) and supportive care (eg, renal replacement therapy) have changed the natural history of Fabry disease; cardiovascular events now account for the majority of deaths.[@R7] [@R8] Agalsidase-beta given at 1 mg/kg every two weeks reduced endothelial GL-3 deposits from kidney, skin and heart biopsies in a randomised, placebo-controlled phase III trial with 58 patients.[@R9] [@R10] In an open-label, 54-month extension study, renal function was stabilised in most patients.[@R11] However, baseline proteinuria (\>1g/24 h) and \>50% glomerulosclerosis on kidney biopsies were important risk factors for continued loss of renal function despite ERT.[@R11] With an additional 5 years of follow-up, patients who maintained urinary protein-to-creatinine ratios (UPCR) \<0.5 g/24 h on agalsidase-beta had low risk for renal progression, while those with UPCR \>0.5 g/24 h had progressive loss of renal function.[@R12] Mean estimated glomerular filtration rate (eGFR) slopes for the two groups were −1.89 and −6.82 mL/min/1.73 m^2^/year, respectively.[@R12] The age at which patients started agalsidase-beta emerged as an important factor that differentiated the two groups (mean 25 vs 38 years, respectively).

Another randomised, placebo-controlled study with agalsidase-beta was conducted with Fabry patients and more advanced renal involvement (baseline eGFR \<80 mL/min/1.73 m^2^/year).[@R13] The overall results were similar for the two randomised studies; patients with higher baseline eGFR and lower UPCR had significant preservation of renal function when treated with agalsidase-beta.[@R11] We previously demonstrated in a small, open-label single-centre study that treatment with ACE inhibitors or angiotensin receptor blocker (ARB) to maintain UPCR \<0.5 g/24 h was associated with stabilisation of renal function even in Fabry patients at high risk for progression of nephropathy.[@R14] This background provides the rationale for prospectively evaluating the control of proteinuria in Fabry nephropathy.

The objective of the present study was to investigate the safety and efficacy of antiproteinuric therapy with ACE inhibitor and/or ARB therapy in adults with Fabry nephropathy. We hypothesised that patients with UPCR maintained \<0.5 g/g throughout the study would have preservation of their renal function. Participants over 21 months in 24 patients (15 males and 9 females) with classic Fabry disease treated with agalsidase-beta at eight different study sites. Also, 18 of the 24 participants achieved the UPCR goal during the study, but only 6 out of 18 had preservation of kidney function (eGFR slopes better than −2.0 mL/min/1.73 m^2^/year). The age at which agalsidase-beta was started was the most significant factor associated with loss of kidney function despite control of UPCR to the defined treatment goal of 0.5 g/g or 50% reduction from the baseline level.

Methods {#s2}
=======

Study design, participants and setting {#s2a}
--------------------------------------

The Fabrazyme+Arbs+ACE inhibitor Treatment (FAACET) study evaluated the safety and efficacy proteinuria control with ACE inhibitor and/or ARB therapy Fabry patients who were receiving ERT with agalsidase-beta at 1 mg/kg every two weeks. FAACET was registered as a prospective observational study (NCT00446862), sponsored by the University of Alabama at Birmingham. Enrolment was based on local study site records, and included adult males and females with Fabry nephropathy associated with reduced eGFR and/or significant proteinuria. After a 3-month initial baseline phase, the patients were followed during a 21-month treatment phase. The primary objective (UPCR goal) was reduction of the UPCR to \<0.5 g/g for all treatment visits or the averaged treatment UPCR values to \<50% of the first baseline value. ACE inhibitor and/or ARB doses were adjusted during the visits according to the local standards for care, with the goal of reaching and maintaining the UPCR goal. The primary outcome measure was the regression slope of eGFR (mL/min/1.73 m^2^/year).

The inclusion criteria included ethics committee-approved, written informed consent at each study site for adults (≥19 years of age) with classical Fabry disease who were already receiving agalsidase-beta at the first visit. Patients qualified with eGFR ≥20 and ≤60 mL/min/1.73 m^2^ and documented UPCR \>0.5; or eGFR ≤125 mL/min/1.73 m^2^ and \>60 mL/min/1.73 m^2^ with documented UPCR \>1.0. These qualifications were based on previous descriptions of patients with Fabry disease for whom the rate of loss of kidney function was related to their baseline urine protein and kidney function.[@R15] [@R16] Many patients were already receiving ACE inhibitor or ARB therapy at the time of enrolment and were not removed from these agents before enrolment. A parallel placebo-treated arm was not included in the FAACET study design. Exclusion criteria were prior end-stage renal disease and/or renal transplantation; presence of another confounding kidney disease demonstrated by renal biopsy; and documented allergies to any of the treatment agents, pregnancy or potential pregnancy during the study period.

Statistical analysis {#s2b}
--------------------

The primary efficacy analysis was the change in renal function assessed as eGFR slope stratified by the UPCR goal, to assess the impact of ACE inhibitor/ARB therapy on decline of eGFR in patients receiving agalsidase-beta therapy. A medication score was used to describe the intensity of antiproteinuric and antihypertensive medication at the last visit. This score was defined as 0, none; 1, ACE inhibitor or ARB; 2, ACE inhibitor plus ARB, or either with diuretic; 3, ACE inhibitor or ARB at maximum dose. The Chronic Kidney Disease Epidemiology Collaboration equation was used to calculate estimated GFR based on serum creatinine measured at each visit.[@R17] All serum creatinine measurements were performed in the UAB Hospital Central Laboratory using isotope-dilution mass-spectroscopy traceable calibration.[@R18]

We compared characteristics of patients using χ^2^ and analysis of variance. Duncan and Dunnett tests were used for multiple comparisons, with statistical significance set at p≤0.05. Values are presented as ±1 SD; median values are presented with 25th and 75th centiles (IQR). The eGFR slopes and intercepts were calculated with linear regression for individual patient treatment visits, and patient-specific intercepts and slopes were extracted from mixed effect linear regression models for the entire group. Statistical and graphical analyses were done with Stata V.13.1 (Stata, College Station, Texas, USA).

Results {#s3}
=======

Characteristics at qualification and baseline evaluation {#s3a}
--------------------------------------------------------

Thirty-two subjects were enrolled at 10 different study sites, and 24 subjects (15 males and 9 females) completed the study protocol. The study sites, principal investigators, number of subjects enrolled, number of subjects completing the protocol and reasons for discontinuation are shown in online [supplementary table](http://jmg.bmj.com/lookup/suppl/doi:10.1136/jmedgenet-2015-103471/-/DC1) 1. For the 24 subjects who completed the study, the baseline median age was 43.1 years (IQR 38.3--50.2); 15 were males and 3 self-identified themselves as black ([table 1](#JMEDGENET2015103471TB1){ref-type="table"}).

###### 

Baseline characteristics for all participants completing titration and follow-up visits: stratified by urine protein to creatinine ratio goal

  Variable                                                   Total                      Met UPCR goal             Above UPCR goal
  ---------------------------------------------------------- -------------------------- ------------------------- -------------------------
  Participants (n)                                           24 (100%)                  18 (75%)                  6 (24%)
  Age at baseline (years)                                    43.1 (39.5--46.7)          43.6 (39.4--47.8)         41.7 (31.9--51.1)
  Males                                                      15 (63%)                   10 (56%)                  5 (83%)
  Blacks                                                     3 (13%)                    2 (11%)                   1 (17%)
  Duration on agalsidase-beta (years)                        3.1 (0.3--4.4)             2.9 (0.3--4.8)            3.6 (1.4--4.1)
  Agalsidase-beta started at age (years)                     42.8 (36.1--47.5)          43.3 (38.0--47.9)         37.2 (33.5--47.2)
  Qualification values (historical data)                                                                          
   Urine protein--creatinine ratio (g/g)                     1.5 (1.1--2.3)             1.4 (1.0--2.3)            1.9 (1.5--2.3)
   eGFR (mL/min/1.73 m^2^)                                   71 (56--93)                71 (55--94)               73 (56--92)
   Interval before enrolment (years)                         1.0 (0.1--2.2)             0.6 (0.1--1.6)            2.2 (1.8--2.4)
  Initial baseline values (visit--3)                                                                              
   Systolic blood pressure (mm Hg)                           112 (103--128)             110 (100--130)            119 (112--121)
   Diastolic blood pressure (mm Hg)                          73 (64--77)                72 (63--82)               73 (68--75)
   Serum potassium (mEq/L)                                   4.2 (4.0--4.5)             4.2 (4.1--4.4)            4.0 (3.8--4.9)
   Urine protein--creatinine ratio (g/g)                     0.7 (0.4--1.3)             0.6 (0.3--1.1)            1.2 (0.4--2.3)
   Urine albumin--creatinine ratio (mg/g)                    263 (73--759)              124 (49--555)             759 (459--1398)
   eGFR (mL/min/1.73 m^2^)                                   69 (53--93)                69 (56--92)^a^            62 (46--93)
   Historical eGFR slope (N) (mL/min/1.73 m^2^/year;) N=12   −6.2 (12) (−8.4 to −2.7)   −7.1 (7) (−9.3 to −5.4)   −3.2 (5) (−6.9 to −2.3)
  Averaged treatment values                                                                                       
   Systolic blood pressure (mm Hg)                           112 (104--124)             112 (103--127)            112 (107--117)
   Diastolic blood pressure (mm Hg)                          71 (63--73)                71 (62--78)               70 (64--73)
   Serum potassium (mEq/L)                                   4.4 (3.9--4.7)             4.4 (4.0--4.7)            4.3 (3.8--4.9)
   UPCR (g/g)                                                0.5 (0.3--0.9)             0.4 (0.2--0.5)            **0.9 (0.7--1.5)**
   ACR (mg/g)                                                267 (123--637)             226 (81--365)             579 (454--733)
   eGFR (mL/min/1.73 m^2^)                                   65 (44--83)                67 (48--83)               46 (40--78)

Continuous variables presented as median (25th--75th centile). Duration of enzyme replacement therapy (years), interval between starting agalsidase-beta at 1 mg/kg every other week and initial baseline visit

p\<0.05 for differences in medians, comparing groups at and above UPCR goal with two-sample Wilcoxon rank-sum test (shown in bold). Qualification values indicate values recorded before enrolment based on local chart review. UPCR goal defined as UPCR for first treatment visit ≤0.5 g/g or averaged treatment UPCR ≤50% of baseline UPCR or averaged treatment UPCR ≤0.5 g/g.ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate (mL/min/1.73 m^2^); UPCR, urine protein to creatinine ratio.

The median duration of ERT therapy before the first visit was 3.1 years (IQR 0.3--4.4), and the median age at which ERT was started was 42.8 years (IQR 36.1--47.5). Median values for qualifying UPCR (1.5 g/g (IQR 1.1--2.3)) and eGFR (71 mL/min/1.73 m^2^ (IQR 56--95)) were obtained 1.0 year (IQR 0.1--2.2) before enrolment. Baseline values for vital signs, serum potassium, UPCR, albumin to creatinine ratio (ACR) and eGFR are also listed in [table 1](#JMEDGENET2015103471TB1){ref-type="table"}. The historical eGFR slope (difference between baseline and qualifying eGFR values divided by the interval) was estimated at −6.2 mL/min/1.73 m^2^/year for 12 subjects with intervals \>12 months. Historical estimates were not calculated for subjects if data were not available 12 months before enrolment.

The baseline clinical findings are summarised in online supplementary table 2 for the 24 participants who completed the study. The FAACET participants had cardiac involvement and significant kidney involvement based on the qualifying thresholds for UPCR and eGFR. At the time of the first visit, 22 of 24 patients were already receiving ACE inhibitors and/or ARBS.

Titration and maintenance of UPCR goal {#s3b}
--------------------------------------

The primary objective of the FAACET study was reduction of the UPCR to \<0.5 g/g for all treatment visits or the averaged treatment UPCR values to \<50% of the first baseline value. The characteristics are shown in [table 1](#JMEDGENET2015103471TB1){ref-type="table"} for the 24 FAACET study participants, stratified by UPCR goal. The antiproteinuric doses were adjusted during the baseline and treatment visits, following the local standards of care, to achieve and maintain the UPCR goal. The baseline values for participants stratified by the UPCR goal are shown in [table 1](#JMEDGENET2015103471TB1){ref-type="table"}. The average values for the treatment visits were similar for the group of 18 participants who met the UPCR goal. The baseline systolic blood pressure and ACR values were higher for the six participants who did not reach the UPCR goal.

The results for UPCR and ACR throughout the treatment visits are shown in [figure 1](#JMEDGENET2015103471F1){ref-type="fig"}A stratified by UPCR goal. Participants who met the UPCR goal at the first treatment visit remained close to goal throughout the study. Participants above UPCR goal at the first treatment visit were not successfully titrated to goal during the three baseline visits and remained above the UPCR goal throughout the remaining treatment visits. [Figure 1](#JMEDGENET2015103471F1){ref-type="fig"}B shows the UPCR ratios for participants stratified by the eGFR intercept at 60 mL/min/1.73 m^2^. Participants who were in the eGFR strata \<60 mL/min/1.73 m^2^ had higher UPCR values throughout the treatment visits.

![Box plots of urine protein to creatinine ratio (UPCR). (A) Stratified at UPCR goal. (B) Stratified by Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration rate (eGFR) intercept at 60 mL/min per 1.73 m^2^. The UPCR goal was defined as UPCR for first treatment visit ≤0.5 g/g or averaged treatment UPCR ≤50% of baseline UPCR (visit --3). The eGFR intercept was calculated with a mixed-effect linear model across all treatment visits. eGFR slopes, mL/min/1.73 m^2^/year. The horizontal line is the median value and the upper and lower limits of the boxes are 75th and 25th centiles, respectively. The number of participants in each category is shown in parentheses above the upper cap of the 90th centile values.](jmedgenet-2015-103471f01){#JMEDGENET2015103471F1}

Stratification by UPCR goal and eGFR slopes {#s3c}
-------------------------------------------

[Table 2](#JMEDGENET2015103471TB2){ref-type="table"} shows the eGFR slopes stratified by UPCR categories. The slopes and intercepts were calculated for each strata using mixed-effects linear regression analysis, and the linear slopes were obtained from linear regression analysis of individual patient data.

###### 

Estimated glomerular filtration slopes and intercepts by urine protein to creatinine strata

  Sex (F/M)    UPCR strata  Initial values   Treatment values                                        
  ----------- ------------- ---------------- ------------------ --------------- ------- ------------ ------------
  6/7             ≤0.5      70±30            0.33±0.37          0.29±0.15       70±28   −3.42±2.30   −1.03±6.15
  1/5           0.5--1.0    66±31            0.71±0.30          **0.73±0.19**   65±24   −4.86±3.27   −3.77±7.60
  2/3             \>1.0     76±23            **1.2±0.8**        **1.5±0.5**     76±28   −5.27±6.00   −6.81±11.7

Continuous variables presented as means (±SD). UPCR strata were defined by the indicated UPCR categories at the first visit. The averaged UPCR represents the average of all UPCR values obtained during the treatment visits. The intercept and slope values were obtained from a mixed-effect regression model, and linear slopes were obtained with linear regression using patient-level data for the duration of the treatment visits.

p\<0.05 for differences in medians, comparing groups defined by UPCR strata (Dunnett\'s test for multiple comparisons to the reference value (UPCR strata ≤0.5 g/g)).

eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy with agalsidase-beta at 1 mg/kg every two weeks; UPCR, urine protein to creatinine ratio (g/g).

The average eGFR slope for 13 participants with initial UPCR values ≤0.5 g/g was −3.42 mL/min/1.73 m^2^/year (SD 2.30), the eGFR slope for six participants with initial UPCR values \>0.5 and ≤1.0 g/g was −4.86 mL/min/1.73 m^2^/year (SD 3.27) and for five participants with initial UPCR values \>1.0 g/g was −5.27 mL/min/1.73 m^2^/year (SD 6.00); these slopes were not significantly different for the UPCR strata.

[Figure 2](#JMEDGENET2015103471F2){ref-type="fig"}A shows the eGFR slopes (−3.6 mL/min/1.73 m^2^/year (95% CI −4.8 to −1.1)) for 18 participants who met the prespecified UPCR goal, while the eGFR slope for those who did not meet the UPCR goal was −7.0 mL/min/1.73 m^2^/year (95% CI −5.6 to −2.0); this 49% difference was statistically significant (p=0.005), and the slopes were significantly from zero (p=0.001 and 0.018, respectively).

![Box plots of Chronic Kidney Disease Epidemiology Collaboration estimated glomerular filtration rate (eGFR) slopes. (A) Stratified at urine protein to creatinine ratio (UPCR) goal. (B) Stratified by eGFR slope at −2.0 mL/min per 1.73 m^2^/year. The UPCR goal was defined as UPCR for first treatment visit ≤0.5 g/g, or averaged treatment UPCR ≤50% of baseline UPCR (visit --3), or averaged treatment UPCR \<0.5 g/g. The eGFR slopes and intercepts were calculated with a mixed-effect linear model across all treatment visits. eGFR slopes, mL/min/1.73 m^2^/year. The horizontal line is the median value and the upper and lower limits of the boxes are 75th and 25th centiles, respectively. The number of participants in each category is shown in parentheses above the upper cap of the 90th centile values.](jmedgenet-2015-103471f02){#JMEDGENET2015103471F2}

The median eGFR slope in [figure 2](#JMEDGENET2015103471F2){ref-type="fig"}B (shaded box) was −0.1 (95% CI −1.1 to 1.3) mL/min/1.73 m^2^/year for the six participants who met UPCR goal and had eGFR slopes ≥−2 mL/min/1.73 m^2^/year ([table 3](#JMEDGENET2015103471TB3){ref-type="table"}). The open box represents 12 participants who met the UPCR goal but had eGFR slope was \<−2 mL/min/1.73 m^2^/year (−4.2 (95% CI −5.3 to −3.6) mL/min/1.73 m^2^/year)). The 12 participants who met the UCPR goal, but with significant decline in kidney function (eGFR slope \<−2.0 mL/min/1.73 m^2^/year) had greater UPCR and ACR during the treatment period than did those who met the UCPR goal and had preserved kidney function ([table 3](#JMEDGENET2015103471TB3){ref-type="table"}).

###### 

Characteristics for all participants: stratified by UPCR goal and eGFR slope at −2.0 mL/min/1.73 m^2^/year

  Variable                                       Met UPCR goal (18)   Above UPCR goal (6)               
  ---------------------------------------------- -------------------- --------------------------------- ---------------------------------
  eGFR slope strata (mL/min/1.73 m^2^/year): N   (≥−2.0): 6           (\<−2.0): 12                      (\<−2.0): 6
  Age at visit 0 (year)                          40.6 (30.9--51.8)    46.6 (42.9--51.3)                 41.5 (35.1--51.7)
  Age: ERT started (years)                       37.9 (30.3--46.1)    45.1 (40.4--49.2)                 37.2 (33.5--47.2)
  Interval: ERT start to visit 0 (years)         5.1 (0.4--5.5)       2.6 (0.3--4.1)                    3.6 (1.4--4.1)
  Initial follow-up (visit 0)                                                                           
   Systolic blood pressure (mm Hg)               101 (98--107)        112 (109--126)                    111 (100--120)
   Serum K^+^ (mEq/L)                            4.2 (3.7--5.0)       4.2 (4.0--4.6)                    4.2 (3.9--5.2)
   UPCR (g/g)                                    0.1 (0.1--0.3)       0.3 (0.2--0.9)                    **0.9 (0.7--1.7)**
   ACR (mg/g)                                    61 (5.7--96)         **162 (69--598)**                 **627 (456--1126)**
   eGFR (mL/min/1.73 m^2^)                       88 (56--116)         62 (48--78)                       61 (45--81)
  Average of follow-up visits                                                                           
   Systolic blood pressure (mm Hg)               104 (102--111)       119 (107--130)                    112 (107--117)
   Serum K^+^ (mEq/L)                            4.8 (4.0--5.6)       4.9 (4.7--5.2)                    4.9 (4.0--5.5)
   UPCR (g/g)                                    0.3 (0.1--0.5)       0.4 (0.3--0.7)                    **0.9 (0.7--1.5)**
   ACR (mg/g)                                    122 (18--234)        254 (123--491)                    **579 (454--733)**
   eGFR (mL/min/1.73 m^2^)                       80 (75--126)         56 (45--75)                       68 (45--73)
  Last follow-up visit                                                                                  
   Systolic blood pressure (mm Hg)               110 (101--118)       120 (113--140)                    111 (101--120)
   Serum K^+^ (mEq/L)                            4.1 (3.9--4.9)       4.5 (4.0--4.7)                    4.6 (3.8--4.8)
   UPCR (g/g)                                    0.3 (0.1--0.7)       0.3 (0.2--1.0)                    1.0 (0.8--1.7)
   ACR (mg/g)                                    67 (8.4--481)        198 (73--962)                     719 (533--1196)
  eGFR (mL/min/1.73 m^2^)                        97 (75--121)         62 (51--85)                       47 (35--90)
  Medication score                               1.5 (1--2)           **3 (2--3)**                      **3 (3--3)**
  eGFR slope (mL/min/1.73 m^2^/year)             −0.1 (−1.1 to 1.3)   −**4.2 (**−**5.3 to** −**3.6)**   −**7.0 (**−**9.0 to** −**5.6)**
  eGFR intercept (mL/min/1.73 m^2^)              90 (70--124)         63 (50--80)                       56 (45--82)

Continuous variables presented as median (25th--75th centile). Medication score defined as: 0, none; 1, ACE inhibitor or ARB; 2, ACE inhibitor plus ARB, or diuretic; 3, ACE inhibitor or ARB at maximum dose.

p\<0.05 for differences in medians, comparing groups to reference (met UPCR goal and slope −2.0 mL/min.1.73 m^2^/year); with two-sample Wilcoxon rank-sum test (shown in bold).

UPCR goal defined as UPCR at first treatment visit ≤0.5 g/g, or averaged treatment UPCR ≤ 50% of baseline UPCR (visit--3), or averaged treatment UPCR \<0.5 g/g. ARB, angiotensin type 1 receptor blocker; ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; UPCR, urinary protein to creatinine ratio (g/g).

For the group of six participants that did not meet the UPCR goal (open box), the slope was −7.0 (95% CI −9.0 to −5.6) mL/min/1.73 m^2^/year; none of them had an eGFR slope \>−2 mL/min/1.73 m^2^/year. The group of six who met the UPCR goal and had preserved renal function (eGFR slope \>−2 mL/min/1.73 m^2^) received significantly fewer medications than the other groups ([table 3](#JMEDGENET2015103471TB3){ref-type="table"}).

Poisson regression analysis was done for the 18 participants who met the UPCR goal, stratified by eGFR slope \>−2.0 or ≤2.0 mL/min/1.73 m^2^/year ([table 4](#JMEDGENET2015103471TB4){ref-type="table"}).

###### 

Poisson regression analysis of eGFR slope at −2.0 mL/min/1.73 m^2^/year for 18 participants who met the UCPR goal

  Variable                                  Relative risk   95% CI           p Value
  ----------------------------------------- --------------- ---------------- -----------
  Age: ERT started (years)                  1.072           1.008 to 1.139   **0.026**
  Interval: ERT start to visit 0 (years)    0.881           0.771 to 1.006   0.062
  Average systolic blood pressure (mm Hg)   1.011           0.991 to 1.033   0.287
  Average UPCR during treatment (mg/g)      1.479           0.630 to 3.468   0.369
  Male gender                               1.130           0.637 to 2.005   0.675
  Medication score                          1.392           0.859 to 2.254   0.179

Relative risk presented as ratios (95% CI). Medication score defined as: 0, none; 1, ACE inhibitor or ARB; 2, ACE inhibitor plus ARB, or diuretic; 3, ACE inhibitor or ARB at maximum dose. p\<0.05 for risk ratios from Poisson regression model (shown in bold).

ARB, angiotensin type 1 receptor blocker; eGFR, estimated glomerular filtration rate; ERT, enzyme replacement therapy; UPCR, urinary protein to creatinine ratio (g/g).

Univariate analysis was carried out for each of the average values of the predictor variables shown in [table 3](#JMEDGENET2015103471TB3){ref-type="table"}. The variables included in the final model were age at which ERT was started, duration of ERT treatment before enrolment, average systolic blood pressure during the treatment phase, average UPCR during the treatment phase, gender and medication score. The only significant predictor of preserved kidney function was the age at which agalsidase-beta treatment was started. The median age at which ERT was started for the six patients who had eGFR slope \>−2.0 mL/min/1.73 m^2^ was 37.9 (30.3--46.1) years and 45.1 (40.4--49.2) years ([table 3](#JMEDGENET2015103471TB3){ref-type="table"}).

Adverse events {#s3d}
--------------

Online supplementary table 3 summarises the participants by UPCR goal and eGFR slope. Hyperkalaemia (\>5.5 mEq/L) occurring in seven participants was managed with dietary modification and reduction in ACE inhibitor or ARB dose. Hypotension also occurred in other eight participants and was managed with dosing modification. There were not any serious consequences attributed at the study sites to hyperkalaemia or hypotension.

Discussion {#s4}
==========

Seventy-five per cent of FAACET participants receiving agalsidase-beta treatment at 1 mg/kg every other week achieved the UPCR goal with manageable side effects during treatment with antiproteinuric agents. These patients had severe Fabry disease with overt proteinuria and cardiac involvement (online supplementary table 2). Control of UCPR to the a priori treatment goal was associated with a rate of eGFR decline of −3.6 mL/min/1.73 m^2^/year compared with −7.0 mL/min/1.73 m^2^/year for the participants that did not meet the UPCR treatment goal.

Previous descriptions of classical Fabry treated with agalsidase-beta but for whom urinary protein excretion was not controlled reported rates of eGFR decline that were similar to the FAACET participants who did not meet the UPCR goal.[@R11] [@R13] [@R19] [@R20] A previous single-centre experience reported that control of UPCR to a goal of \<0.5 g/g in seven patients (six males and one female) with severe Fabry nephropathy was associated with stabilisation of kidney function in six patients (median slope −0.23 mL/min/1.73 m^2^/year),[@R14] similar to the eGFR slope observed in six participants in the current trial who met the UPCR goal and had stabilisation of their renal function. In contrast, one patient in the previous study did not have kidney function stabilisation despite control of the UPCR.[@R14]

Germain *et al*[@R12] recently published a 10-year follow-up of the original phase III cohort treated with agalsidase-beta. Several important points emerged from that analysis, which are confirmed by the present findings. Disease progression rates for patients with low renal involvement (LRI, n=32) or high renal involvement (HRI, n=20) at baseline were assessed, where the LRI group had average UPCR identical to the UPCR goal in the current study. The HRI group had UPCR \>1.0 g/g at baseline as well as significant degree of glomerular sclerosis at baseline renal biopsy.[@R11] [@R12] Patients in the LRI group (mean age 25 years at baseline) experienced some loss of eGFR (−1.89 mL/min/1.73 m^2^/year) over the 10-year follow-up. Renal disease progression seems to be related, at least in part, to the severity of the disease before treatment. LRI patients with UPCR ≤0.5 g/g throughout the treatment period progressed at a slower rate compared with HRI patients with UPCR \>0.5 g/g during the treatment period. HRI patients began treatment with agalsidase-beta at a mean age of 38 years, and rates of decline in kidney function (eGFR slope: −6.82 mL/min/1.73 m^2^/year) that were similar to the six participants in the current report that did not meet the UPCR goal. These results support the recommendation that agalsidase-beta therapy be started before there is significant structural damage, including podocyte loss, glomerulosclerosis, interstitial fibrosis and proteinuria.[@R21] [@R22] More aggressive approaches have been tried to control the proteinuria in high-risk group Fabry patients,[@R23] [@R24] including the use of weekly rather than every other week ERT dosing.[@R25] In addition, neutralising antibodies directed against agalsidase-beta may be another factor that may limit the success in controlling proteinuria and/or stabilising renal function.[@R26]

The importance of the age at which ERT is initiated was recently emphasised[@R12] and is confirmed by the present findings, suggesting that severe underlying changes in renal structure[@R21] may limit the beneficial effects of controlling urine protein excretion. Regression analysis ([table 4](#JMEDGENET2015103471TB4){ref-type="table"}) showed that the age at which ERT was started was the only significant factor associated with risk of renal progression in patients for whom ACE inhibitor or ARB therapy controlled the average UPCR to ≤0.5 g/g, thus confirming and extending the recent report from Germain *et al*.[@R12]

The eGFR slope was significantly worse in the six patients who did not achieve the goal for controlling proteinuria using ACE inhibitor and/or ARB ([table 1](#JMEDGENET2015103471TB1){ref-type="table"}). Alternative approaches could be considered for these patients,[@R23] [@R24] as well as directly assessing the severity of the renal pathology. Endothelial dysfunction[@R27] and autonomic insufficiency[@R28] are features of classical Fabry disease, which may explain why some patients had treatment-related side effects with antiproteinuria agents. Despite these side effects, control of proteinuria to the target was achieved in 18/24 patients in the study. The treatment goal for controlling proteinuria to 0.5 g/day was based on a meta-analysis of non-Fabry patients with proteinuria and chronic kidney disease.[@R29] Current consensus is lacking about the treatment goal for controlling proteinuria in any form of chronic kidney disease; recent experiences with aggressive treatment regimens with combined agents in type 2 diabetes have been disappointing.[@R30]

There are important limitations of the FAACET study, including non-randomised study design, lack of a washout period for antiproteinuric therapy before enrolment, lack of a concurrent control group, an open-label study design and the use of historical values for defining eligibility for the study. There was not a uniform approach to the use of antiproteinuric agents, which reflected the standard of care at each study site. None of the participants had baseline renal biopsies to assess the severity of baseline kidney involvement, but based on their baseline eGFR and urine protein measurements, both males and females had severe kidney disease at the time of enrolment.[@R19] In view of the lifelong burden of Fabry disease, the short-term follow-up in the present study is an important limitation to keep in mind.

In summary, urine protein excretion can be controlled in the majority of classical Fabry patients with antiproteinuric therapy. Kidney function was not preserved in patients who did not achieve the UPCR treatment goal. Stabilisation of kidney function was only achieved in a minority of patients who were younger at the time they started ERT. Careful dose titration is needed to avoid adverse effects that included hypotension and hyperkalaemia, similar to other forms of advanced kidney disease.
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